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HIGHLY DISPERSED CARBON SUPPORTED 
METAL CATALYST AND METHOD FOR 

MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a metal catalyst, and in 

particular relates to a highly dispersed metal catalyst and 
method for manufacturing the same. 

2. Description of the Related Art 
For a fuel cell, the critical technology is the catalyst for 

transforming chemical energy to electrical energy. Generally, 
the catalyst is platinum. For achieving Sufficient current den 
sity, high content platinum is necessary, thereby increasing 
cost of production. Alternatively, the platinum may be Sup 
ported on an active carbon with high Surface area to achieve 
better utilization ratio. Presently, the supported platinum 
catalyst is synthesized as follows: first, the carbon Support is 
modified; second, the platinum metal precursor is reduced by 
a reductant; and third, the platinum metal is deposited on the 
modified carbon Support. Because the carbon Support is easily 
aggregated, the Surface between the aggregated carbon Sup 
port cannot be utilized, Such that the platinum metal is not 
evenly dispersed and aggregated. Therefore, a highly loaded 
and evenly dispersed platinum catalyst is difficult to achieve 
employing aggregated carbon Supports. In manufacturing 
membrane electrode assemblies (MEA), the catalyst should 
be prepared as slurry prior to MEA fabrication. Even if the 
carbon Support is modified, the catalyst in the step of slurry 
preparation will aggregate to larger particles without well 
dispersion. Consequently, catalyst activity is reduced after 
forming the MEA. 

Accordingly, a novel catalyst is called for, for Solving the 
described problem Such as aggregation of the Support, e.g. 
carbon black. 

BRIEF SUMMARY OF THE INVENTION 

The invention provides a highly dispersed carbon Sup 
ported metal catalyst, comprising a dispersing agent, a carbon 
Support evenly dispersed in water by the dispersing agent, and 
the carbon support having a particle size of 10 nm to 2000 nm, 
and a metal formed on the carbon Support Surface, wherein 
the metal is Pd, Pt, or combinations thereof with a valence 
state less than (IV). 
The invention also provides a method for forming a highly 

dispersed carbon Supported metal catalyst, comprising charg 
ing a carbon Support and a dispersing agent in water, wherein 
the carbon support is evenly dispersed in water by the dis 
persing agent, and the carbon Support has a particle size of 10 
nm to 2000 nm, forming a metal salt on the carbon Support 
surface, and the metal salt is Pd salt, Pt salt, or combinations 
thereof, and reducing the metal salt to a Valence state less than 
(IV). 
A detailed description is given in the following embodi 

mentS. 

DETAILED DESCRIPTION OF THE INVENTION 

The following description is of the best-contemplated 
mode of carrying out the invention. This description is made 
for the purpose of illustrating the general principles of the 
invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. 
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2 
Many catalysts possess high activity in original tests how 

ever fail to maintain the corresponding activity after forming 
an MEA. The reason is due to the fact that an unevenly 
dispersed catalyst in slurry will aggregate, such that the active 
sites of the catalyst surface cover each other and reduce their 
utilization ratio. 

For solving the described problem, the invention provides 
a method for forming a highly dispersed carbon Supported 
metal catalyst, comprising charging a carbon Support and a 
dispersing agent in water, wherein the carbon Support is 
evenly dispersed in water by the dispersing agent, and the 
carbon support has a particle size of 10 nm to 2000 nm, 
forming a metal salt on the carbon Support Surface, and the 
metal salt is Pd salt, Pt salt, or combinations thereof, and the 
metal salt is reduced to a valence state less than (IV). 

In one embodiment, the Suitable carbon Support has a spe 
cific surface area of about 10 m/g to 2000 m?g, and prefer 
ably of about 50 m/g to 1500 m/g. The carbon support can 
be carbon nano tube, carbon nano fiber, or combinations 
thereof. 
The described dispersing agent includes cationic Surfac 

tant, anionic Surfactant, nonionic Surfactant, Zwitterionic Sur 
factant, or combinations thereof. 
The Suitable anionic Surfactant can be sodium salt, magne 

sium salt, or ammonium salt of alkyl Sulphates, alkyl ether 
Sulphates, alkaryl Sulphonates, alkanoyl isethionates, alkyl 
Succinates, alkyl Sulphosuccinates, N-alkoxyl sarcosinates, 
alkylphosphates, alkyl ether phosphates, alkyl ether carboxy 
lates or alpha-olefin Sulphonates. 
The suitable nonionic surfactant can be aliphatic (Css) 

primary or secondary linear or branched alcohol or phenol 
accompanied with alkylene oxide. In one embodiment, the 
alkylene oxide is composed of 6 to 30 ethylene oxides. Other 
nonionic Surfactant is alkanolamides Substituted by one or 
two alkyl groups, such as coco ethanolamide, coco di-etha 
nolamide, coco isopropanolamide, or the likes. 
The described Zwitterionic surfactant can be alkyl amine 

oxides, alkyl betaines, alkyl amidopropyl betaines, alkyl Sul 
phobetaines, alkyl Sulphobetaines, alkylglycinates, alkyl car 
boxyglycinates, alkyl amphopropionates, alkyl amphoglyci 
nates, alkylamidopropylhydroxysultainates, acyltaurates, or 
acylglutamates. The described alkyl can be Cso alkyl group. 
For example, the Zwitterionic surfactant also includes lauryl 
amine oxide, cocodimethyl Sulphopropyl betaine, lauryl 
betaine, cocamidopropyl betaine, or Sodium cocamphopropi 
Onate. 

In one embodiment, the dispersing agent (Surfactant) and 
carbon Support were charged in water and then milled to 
obtain a highly dispersed carbon Support. 

Next, a metal salt was formed on the carbon Support Surface 
by impregnation, incipient wetness, deposition precipitation, 
or chemical vapor deposition. The metal salt is halide, nitrite, 
ammonium, or combinations thereof of such as Pd salt, Pt 
salt, or combinations thereof. In addition, the metal salt may 
further include Rusalt, Sn salt, Mo salt, Co salt, Fe salt, Cr 
salt, Pb salt, Nb salt, Ta salt, Mn salt, Cusalt, Ni salt, or 
combinations thereof. Therefore, the deactivation of the 
active sites on the surface of Ptsalt, Pd salt, and combinations 
thereof will be delayed, thereby enhancing the anti-poisoning 
ability of the catalyst. 
At last, metal salt was reduced to a valence state less than 

(IV) to complete a highly dispersed metal catalyst. If Rusalt, 
Sn salt, Mo salt, Co salt, Fe salt, Cr salt, Pb salt, Nb salt, Ta 
salt, Mn salt, Cu salt, Ni salt, or combinations thereof is 
adapted, the reduced metal adhered on the carbon Support 
surface will not only be Pt or Pt but also Ru, Sn, Mo, and the 
likes. 
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Because the metal catalyst of the invention has well dis 
persion in slurry, it is applicable to the MEA in fuel cells such 
as proton exchange membrane fuel cells (PEFC) or direct 
methanol fuel cells (DMFC). 

COMPARATIVE EXAMPLE AND EXAMPLES 

Comparative Example 1 

10 g of carbon black (ECP300) and 4 L of zirconia balls 
with diameter of 1 mm were charged in water. After milling in 
400 revolution per minute (herein after rpm), the zirconia 
balls were removed by centrigugation and a carbon Support 
slurry was obtained. The described carbon support had a BET 
specific surface area of about 700 m/g and an average diam 
eter greater than 6000 nm. 

Example 1 

10 g of carbon black (ECP300), 10 g of dispersing agent 
(TritonX 100, commercial available from Aldrich), and 4 L of 
zirconia balls with diameter of 1 mm were charged in water. 
After milling in 400 rpm, the Zirconia balls were removed by 
centrifugation and a highly dispersed carbon Support slurry 
was obtained. The described carbon support had a BET spe 
cific surface area of about 700 m/g and an average diameter 
of about 43 nm. Compared to the carbon support diameter 
(>6000 nm) in Comparative Example 1, the diameter of the 
carbon Support was effectively reduced by the dispersing 
agent. 

Example 2 

10 g of carbon black (ECP300), 10 g of dispersing agent 
(TritonX405, commercial available from Aldrich), and 4 L of 
zirconia balls with diameter of 1 mm were charged in water. 
After milling in 400 rpm, the Zirconia balls were removed by 
centrifugation and a highly dispersed carbon Support slurry 
was obtained. The described carbon support had a BET spe 
cific surface area of about 700 m/g and an average diameter 
of about 78 nm. Compared to the carbon support diameter 
(>6000 nm) in Comparative Example 1, the diameter of the 
carbon Support was effectively reduced by the dispersing 
agent. 

Example 3 

10 g of carbon black (BP2000), 10 g of dispersing agent 
(TritonX 100, commercial available from Aldrich), and 4 L of 
zirconia balls with diameter of 1 mm were charged in water. 
After milling in 400 round per minute (herein after rpm), the 
Zirconia balls were removed by centrifugation and a highly 
dispersed carbon support slurry was obtained. The described 
carbon support had a BET specific surface area of about 1000 
m/g and an average diameter of about 115 nm. Compared to 
the carbon support diameter (>6000 nm) in Comparative 
Example 1, the diameter of the carbon support was effectively 
reduced by the dispersing agent. 

Commercial Available Product Tanaka 
Tanaka has a Pt loading percentage of 66.3% and a current 

density of 15 mA/mg Pt. 

Example 4 

6 g of highly dispersed carbon Support in Example 1 was 
charged in water, 0.7899 g of Pt metal salt HPtCl was then 
added, and 11.35 g of methanol (reductant) was added to 
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4 
reduce the Pt metal salt for forming a highly dispersed metal 
catalyst. The described metal catalyst had a Pt loading per 
centage of 67% and a current density of 17.03 mA/mg Pt. 
Compared to the commercial available product Tanaka, the 
metal catalyst of this example had higher Pt loading percent 
age and higher current density per unit weight of platinum. 
Accordingly, the invention may utilize the platinum more 
effectively, thereby reducing the cost of production. 

Example 5 

30.4 g of highly dispersed carbon Support in Example 1 
was charged in water, 0.8425g of Pt metal salt HPtCl was 
then added, and 50 g of ethylene glycol (reductant) was added 
to reduce the Pt metal salt for forming a highly dispersed 
metal catalyst. The described metal catalyst had a Pt loading 
percentage of 76% and a current density of 20.14 mA/mg Pt. 
Compared to the commercial available product Tanaka, the 
metal catalyst of this example had higher Pt loading percent 
age and higher current density per unit weight of platinum. 
Accordingly, the invention may utilize the platinum more 
effectively, thereby reducing the cost of production. 

While the invention has been described by way of example 
and in terms of the preferred embodiments, it is to be under 
stood that the invention is not limited to the disclosed embodi 
ments. To the contrary, it is intended to cover various modi 
fications and similar arrangements (as would be apparent to 
those skilled in the art). Therefore, the scope of the appended 
claims should be accorded the broadest interpretation so as to 
encompass all such modifications and similar arrangements. 
What is claimed is: 
1. A highly dispersed carbon Supported metal catalyst, 

comprising: 
a dispersing agent; 
a carbon Support evenly dispersed in water by the dispers 

ing agent, and the carbon Support having a particle size 
of 10 nm to 2000 nmi; and 

a metal formed on the carbon Support Surface; 
wherein the metal is Pd, Pt, or combinations thereof with a 

valence state less than (IV). 
2. The catalyst as claimed in claim 1, wherein the carbon 

support has a specific surface area of 50 m/g to 1500 m/g. 
3. The catalyst as claimed in claim 1, wherein the carbon 

Support comprises active carbon, carbon black, carbon nano 
tube, carbon nano fiber, or combinations thereof. 

4. The catalyst as claimed in claim 1, wherein the dispers 
ing agent comprises cationic Surfactant, anionic Surfactant, 
nonionic Surfactant, Zwitterionic Surfactant, or combinations 
thereof. 

5. The catalyst as claimed in claim 1, wherein the metal 
further comprises Ru, Sn, Mo, Co, Fe, Cr, Pb, Nb, Ta, Mn, Cu, 
Ni, or combinations thereof. 

6. A method for forming a highly dispersed carbon Sup 
ported metal catalyst, comprising: 

charging a carbon Support and a dispersing agent in water, 
wherein the carbon support is evenly dispersed in water 
by the dispersing agent and the carbon Support has a 
particle size of 10 nm to 2000 nm: 

forming a metal salt on the carbon Support Surface, and the 
metal salt is Pd salt, Ptsalt, or combinations thereof, and 

reducing the metal salt to a Valence state less than (IV). 
7. The method as claimed in claim 6, wherein the carbon 

support has a specific surface area of 50 m/g to 1500 m/g. 
8. The method as claimed in claim 6, wherein the carbon 

Support comprises active carbon, carbon black, carbon nano 
tube, carbon nano fiber, or combinations thereof. 
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9. The method as claimed in claim 6, wherein the dispers 
ing agent comprises cationic Surfactant, anionic Surfactant, 
nonionic Surfactant, Zwitterionic Surfactant, or combinations 
thereof. 

10. The method as claimed in claim 6, wherein the step of 
forming the metal salt on the carbon Support Surface com 
prises impregnation, incipient wetness impregnation, deposi 
tion precipitation, or chemical vapor deposition. 
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11. The method as claimed in claim 6, wherein the metal 

salt comprises halide, nitrite, ammonium, or combinations 
thereof. 

12. The method as claimed in claim 6, wherein the metal 
salt further comprises Rusalt, Sn salt, Mo salt, Co salt, Fe salt, 
Cr salt, Pb salt, Nb salt, Ta salt, Mn salt, Cusalt, Ni salt, or 
combinations thereof. 


